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A Path Planning Processor for
Autonomous Navigation of Micro Robots
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Abstract

Motivation

Autonomous micro robots have been utilized in a wide range of
applications, including package delivery, smart surveillance, and
geological exploration. Since the robots usually operate without
human supervision, their autonomous navigation system requires
a powerful cognition processor that allows complex tasks to be
performed in real-time, while adapting to dynamically changing
environments. In addition, the limited lifetime of the battery that
provides power to the micro robot demands energy-efficient
processing of path planning. Prior work uses grid-based algorithm
but has limited scalability since its computational complexity
grows exponentially with map size. This work presents an energy-
efficient path planning processor for real-time 2D/3D autonomous
navigation via algorithm-architecture optimization. The proposed
architecture speeds up data structure construction for path
planning with parallel processing. Memory requirement is also
significantly reduced. This work provides a promising solution with
high-speed parallel processing, low memory requirement, and low
energy dissipation for real-time autonomous navigation of micro

robots.

Fig. 1 Path planning processor for autonomous navigation of micro

robots

Design Features

1. Computational complexity: This work adopts the RRT algorithm
for path planning, reducing computational complexity through
random sampling, achieving 99.9% complexity reduction
compared to grid-based algorithm in prior work. Hardware-
friendly techniques, including a dual-tree planning strategy,
branch extension, and parallel expansion, are adopted to
further reduce computational complexity by another 99.9% and
memory requirement by 97.1%.

2. Hardware complexity: The processing engine array for data
structure construction is shared between 2 sub-trees, saving
50% of the area. The array includes L1-Norm nearest neighbor
searcher and local planner with discretized selection method,
reducing hardware complexity by 57.5% and 65.5%, respectively.

3. Processing latency: 32-way parallel processing is used to speed
up the construction of the data structure for space exploration
by 80.5%.

Chip Implementation

Designed and fabricated in 40nm CMOS technology, the chip
integrates 2M logic gates in an area of 3.65mm?. The proposed
processor operates at a supply voltage of 0.9V and a frequency of
200MHz. It can support planning tasks on both 2D and 3D maps,
with latencies of less than 1 and 10 ms, respectively. Compared
to prior design, improvements of three orders-of-magnitude are

achieved in both latency and energy dissipation.
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